Organo-clays were prepared by exchange cations of the montmorillonite with tetramethylammonium (TMA)-and hexadecylpyridinium (HDP)-chloride. Two different montmorillonite types were studied. Two amounts of each organic substances (1 and 4 cation exchange capacity times of montmorillonite) were contacted with each montmorillonite clay for 1 and 24 h. The solids were characterized by X-ray diffraction and swelling index. The swelling was measured in water and toluene media. The structural characteristics of montmorillonites changed after organo treatment and showed different behaviour in water and toluene media. The type of montmorillonite, the organic cation intercalates (TMA, HDP) and condition of treatment influenced in the different swelling in water and toluene media.
Introduction
Smectites can be converted into organo-smectites and they are effective for adsorption of organic compounds. The hydration interlayer cations of natural bentonites become hydrophilic in water media. Some organic compound such as toluene cannot adsorbed because competes with polar molecules. Nevertheless, if organic cation are intercalated, the bentonite may be hydrophobic and then it could retain toluene molecules. Several papers describe the retention of organic compounds [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . The organo-clays are effective sorbents for remotion organic compounds from water, as rheological additives. The swelling property of the suspension is taken into account in many industrial uses: paints, waxes, cosmetic preparation, lubricants, etc. 11, 12 The aim of this paper is to evaluate the swelling degree in water and toluene media of two different organo-montmorillonites, prepared by intercalation with tetramethylammonium (TMA) and hexadecylpyridinium (HDP).
Materials and Methods
Two types of montmorillonites (Cheto and Wyoming) were the starting clays and named B1 and B2, respectively. The montmorillonites were provided by Clay Repository, (SAz-1: Cheto type; Swy-1: Wyoming type).
The cation exchange capacity (CEC) and the structural composition of B1 and B2 montmorillonties were presented in previous papers 13, 14 . The higher CEC of B1 (110 meq/100 g) than B2 (97 meq/100 g) is due to high isomorphous substitution in the structure with the Mg 2+ replacing Al 3+ in the octahedral layer.
Tetramethylammonium (TMA) and hexadecylpyridinium (HDP) were used to prepare organo-montmorillonites. Aqueous solution of TMA chloride or HDP chloride salts was added to the smectite suspension and contacted for 4 and 24 h. The solids were washed to remove excess salts and stored at room temperature. The amounts of organo compounds added to the smectite were 1 and 4 times the cation exchange capacity (CEC) of the smectite. The organo-smectite was named: B(A-C) where the B is bentonite, B1 or B2; A is the amount of organo substances in CEC added, 1 or 4 times; C is the contacted time, 1 or 24 h.
The swelling index (SI) was measured in water and toluene media. Then, 2.00 grams of sample were added to 100 mL distilled water or toluene and after 24 the volume of sediment was measured.
The d(001) spacing of sample was measured by means of X-ray diffraction (XRD). A Philips 3020 Goniometer with PW 3710 Controller using Cu Kα radiation (λ = 1.5405 Å) and Ni filter operating at 40 kV and 20 mA was used.
Results and Discussion
The hydrophilic and organophilic characteristics of the organo-montmorillonite could be shown by means of the Swelling Index (SI). The SI of both original bentonites, B1 and B2, in water medium (5.3 and 10.0 mL) was higher than in toluene medium (3.6 and 3.8 mL), Table 1 . This behaviour could be related to the hydrophilic behaviour of the natural bentonites because more water was retained between montmorillonite crystals and a small amount of toluene was uptake.
Swelling of organo-bentonites in water medium
The SI of both original bentonites was modified in water medium after organo intercalation, Table 1 . The intercalation of TMA in montmorillonites originated a decrease in swelling in water medium. The swelling values of TMA-B1 montmorillonites were smaller (4.3-4.8 mL) than from TMA-B2 montmorillonites (6.0-7.6 mL), Table 1 .
The intercalation of HDP cation in montmorillonites originated higher swelling values in water media for all HDP-B1 (5.5-8.0 mL) than all HDP-B2 (3.7-4.4 mL). The type of montmorillonite and organo substance influenced on SI in water media.
Swelling of organo-bentonites in toluene medium
In toluene medium all SI of HDP-montmorillonites were higher (11.1-32.2 mL) than TMA-montmorillonites (3.6-5.1 mL), Table 1 , and the values corresponding to HDP-B2 montmorillonites were also, higher than in HDP-B1 montmorillonites.
The interpretation of this behaviour is not simple, because different factors are present: type of montmorillonite, different amounts of organic molecules added, interaction between toluene and organic molecule and other factors.
Comparative swelling between water and toluene media
In Fig. 1 the swelling index of all samples in water and toluene media is plotted. Three groups can be found: (a) organo-montmorillonites that can swell in water but not in toluene; (b) organo-montmorillonites that can swell in toluene but no in water; and (c) organo-montmorillonites that can swell in water and toluene media. Both type of montmorillonites, B1 and B2, treated with TMA organic substance are included in (a) group; the B2 treated with HDP belongs to (b) group; and the B1 smectites treated with HDP to (c) group (also see Table 1 ). The different swelling values in water but not in toluene can be modified, for example, by means of intercalation of TMA, whereas the swelling in toluene medium mainly depend on the type of montmorillonites.
High swelling in toluene of B2, 32.3 mL, was obtained with low HDP added with slow contact time, B2(1-4), Figure 1 and Table 1 . On the other hand, reverse behaviour (small swelling) was found in B2 montmorilllonite with high amount added and 24 h contact time, B2(4-24).
Interlayer spacing, d(001), in air dried samples
The d(001) spacing of the montmorillonites increased after HDP treatment evaluated in air dried and at RH of 55% conditions. The spacing of B1 increased from 14.9 Å to 20.02-26.75 Å; and B2 from 13.00 Å to 18.15-22.58 Å after different conditions of treatment, Table 2 .a. Air-dried 116 Volzone et al. than TMA-B2 could be attributed to more retention of TMA in interlayer position due to more CEC of the starting montmorillonite.
Interlayer spacing, d(001), of samples after toluene contact
The d(001) spacing of TMA montmorilllonite after contacting toluene (13.48-14.70 Å), Table 2 .b, was similar to the one without toluene (13.71-14.87 Å, Table 2 .a) and some changes were shown in HDP-montmorillonite (19.5-22.49 Å, Table 2 .b) regarding the sample without toluene (18.15-26.75 Å, Table 2 .a).
The interlayer spacing after HDP treatment was higher than after TMA treatment ( Table 2 ). The different spacing values of TMA-and HDP-montmorillonites are attributed to arrangement of organo cations in the interlayer position 16, 17 . Figure 2 shows the correlation between swelling index and d(001) spacing of all samples. It is important to mention that the results of d(001) not necessarily would be proportional to swelling. In swelling test the crystal can uptake all necessarily molecules of the medium. Nevertheless, when the d(001) was measured in air dried conditions the retained molecules of the medium were limited. It is not easy to Vol. 3, No. 4, 2000 TMA and HDP Montmorillonites in Water and Toluene Media 117 explain that fact, nevertheless we found a small correlation between the value of swelling in water and d(001) spacing of HDP-montmorillonites. The organo-montmorillonite after contacting toluene showed not clear correlation with d(001) spacing, as shown in the dashed curve in the Fig. 2 .
Swelling vs. interlayer spacing
Regarding the correlation between swelling and d(001) spacing of smectites treated with TMA organic, it only can be seen a slight decrease in swelling in both media as d(001) increased.
Further studies will be necessary to obtain more information about the influence of the characteristics of the original clay on swelling in different media, after organo intercalation.
Conclusions
Larger swelling of montmorillonites in toluene medium was obtained after intercalation with hexadecylpyridinium cations.
The Wyoming type montmorillonite intercalated with tetramethylammonium or hexadecylpyridinium cations showed higher swelling values in toluene medium than the Cheto-type montmorillonite intercalated with the same organo cations.
It is possible to obtain organo-montmorillonite with selective swelling in water or in toluene according to the organocation intercalated montmorillonite and the type of montmorillonite clay. Nevertheless, more extensive research should be carried out to support the conclusions.
